Progress in the field of polymer chemistry has been determined to a considerable extent by the more extensive application of spectral methods of analysis, in particular UV, IR and NMR spectroscopy [1] .
IR spectroscopy is the most widely used for analysis of the composition of different types of copolymers. It is employed to determine the composition of copolymers of vinyl acetate (VA) and ethylene, vinyl chloride, vinyl alcohol, vinyl pyrrolidone and acrylates [2] . The analytical absorption bands for VA depending on the type of copolymer are 1740 (valency vibrations ν C=O ), 1433 (asymmetric deformation vibrations δ as CH 3 ) 1020 (valency vibrations ν C-O ) and 610 cm -1 (deformation vibrations of acetate groups).
The purpose of the study was to develop a spectral method of analysis of the composition of copolymers of VA with acrylic (AA) and crotonic (CA) acids. These copolymers were synthesised by aqueous suspension copolymerisation in the presence of a benzoyl peroxide initiator. The composition of the copolymers was determined preliminarily by a chemical method. For this we prepared an approximately 1% solution of the copolymer in 90 -96% ethanol and determined the mass fraction of AA and CA units by titration of the carboxyl groups with a 0.1 N solution of potassium hydroxide in the presence of pheholphthalein, after which we found the content of VA units by their alkaline saponification for 3 hours using a 0.5 n solution of potassium hydroxide. The analysed copolymer specimens were then used as standard specimens for developing the spectral analysis method. We studied IR spectra of films of these copolymer specimens 0.04 -0.048 mm thick, obtained by casting from 1% ethanol and aqueous solutions. On the whole the IR spectra of the VA-AA and VA-CA copolymers are fairly similar (Figure 1 ). They show characteristic absorption bands of the acid hydroxyl group with a peak at 3450-3460 cm -1 , of the carbonyl group of the acid units and VA at 1740-1700 cm -1 and also the absorption bands of VA units at 600, 1020, 1120, 1375 and 1433 cm -1 .
As the molar fraction of acid units in the IR spectra of the copolymers increases there is an increase in intensity and half-width of the ν C=O band with its simultaneous displacement to lower frequencies from 1740 to 1700 cm -1 , which may be explained by an increase in the number of intramolecular hydrogen bonds between the groups -C=O (VA) and OH (AA or CA). A similar displacement in the ν C=O band of VA was also observed in the spectra of copolymers of VA and vinyl alcohol [3] .
In order to select the analytical absorption bands we plotted calibration curves of the dependence of the ratio of optical densities of the absorption band of the acid hydroxyl group at 3460 cm -1 to the absorption bands of the units of VA at 600±5, 1020 and 1433 cm -1 .
It was found that to determine the composition of copolymers of VA with CA and AC it is possible to use the same absorption bands at 3460 cm -1 (CA and AA) and 1433 cm -1 (VA). Figures 2 and 3 show the calibration curves for the dependence of the ratio of optical densities of these absorption bands on the mass fraction of CA and AA (%) respectively, intended for determining the composition of these types of copolymers in a range of concentrations of acid units from 4 to 20%.
Using the ratio of optical densities of the absorption bands D 3460 and D 1433 makes it possible to level out the error associated with some difference in thickness of the films of the copolymers. The spectral analysis method developed was tested on a number of specimens of VA-CA and VA-AA copolymers synthesised by us. The relative error of the analysis results for these specimens varied in the range 10 -20% depending on the copolymer composition. It was found that the error in determination increases when there are more than 20% acid units in the copolymers and copolymer films more than 0.05 mm thick are used. This appears to be due to the high increase in intensity of the analytical absorption bands.
It was established that when the content of CA in the copolymers is less than 14% their composition can also be determined using absorption bands at 3460 cm -1 (CA) and 1020 cm -1 (VA). Figure 4 shows the calibration curve for the dependence of the ratio of optical densities of these absorption bands on the mass (molar) fraction of CA (%) which is linear in character. However, in cases where the intensity of the 1020 cm -1 bands is very high and the error in the analysis result is increased it is preferable to use the calibration curve shown in Figure 2 to determine the composition of VA-CA copolymers.
The absorption bands at 3460 and 600 cm -1 (VA) gave satisfactory results when used for analysis of the composition of copolymers of VA with AA and CA, but they were less accurate compared to the method described above.
Accordingly, the spectral method of analysis using the pair of analytical absorption bands at 3460 and 1433 cm -1 can be considered as versatile for determining the composition of copolymers of VA-CA and VA-AA. When a copolymer film is employed the analysis takes 10 min.
The IR spectra of the copolymer films were measured on a Specord 75 IR spectrophotometer under the following conditions: scale -7.5 mm/100 cm The optical density of the absorption bands was calculated from the copolymers' spectra. For the base lines of the absorption bands at 3460, 1020, 1433 and 600 cm -1 we took a horizontal straight line passing respectively through a point with a wave number of 3750, 970, 1530 and 530 cm -1 . The thickness of the specimens was measured using a micrometer.
Thus, the method of IR spectroscopy may be employed both for studying the structure of copolymers of vinyl T/14
